The fusiform gyrus is important for face and object recognition, is abnormal in schizophrenia, but has not been studied in schizotypal personality disorder (SPD). Thin-slice MR images showed no differences, either in right, left or total fusiform gyri volumes, between subjects with SPD (N = 21) and normal controls (N = 19). However, there was a correlation between severity of illusions and magical thinking suffered by the SPD subjects and smaller right fusiform gyrus volumes. This suggests that future studies may be useful in determining the functional competence of this gyrus in SPD.
Introduction
The fusiform gyrus is likely important for face and object visual processing, as demonstrated by functional magnetic resonance imaging (fMRI) (Kanwisher et al., 1997) . In addition, direct electrical stimulation of the gyrus can result in the formation of complex visual illusions (Lee et al., 2000) . In schizophrenia, studies show that the fusiform gyrus evinces bilateral volume reductions in both a postmortem study (McDonald et al., 2000) and in an in vivo structural MRI study (Lee et al., 2002) .
Schizotypal personality disorder (SPD) shares with schizophrenia: (1) a similar genetic diathesis (Kendler et al., 1993) ; (2) many biologic markers (Siever et al., 2002; Siever, 1994) ; (3) MRI in vivo volume reductions in left temporal lobe structures (Dickey et al., 1999; Downhill et al., 2001) ; and (4) impaired recognition of facial emotions (Mikhailova et al., 1996) . By definition, persons with SPD can be functionally impaired by experiencing illusions. This study was undertaken to determine whether, like schizophrenics, SPD subjects also have smaller fusiform gyrus volumes than control subjects which might help to explain the experience of illusions.
Methods

Subject recruitment
Subjects were recruited from the local community with the following inclusion criteria: righthanded males 18-55 years old with English as the first language; no lifetime history of neurologic disorder or ECT; no exposure to neuroleptics; no psychoactive medication usage; and no substance abuse within the last year or dependence within the last 5 years. Comparison subjects met the additional criteria of no history of Axis I disorder in self or first-degree relatives. In accordance with our local IRB committee, written informed consent was obtained from all subjects after the procedures were explained, and prior to study participation. All subjects underwent a SCID and SCID II (personality disorders) interview to determine diagnosis. For SPD subjects, responses to the SCID II section on SPD symptoms were used as scaled measures for the degree of impairment for each of the nine SPD criteria. They were group matched on age (individually matched within 3 years), parental socioeconomic status (SES), years of education, and premorbid IQ assessed by WRAT score (data available for 20 SPD, 11 control subjects). Subject overlap with two previous publications include 9/14 SPD and 11/16 comparison subjects, where previously we reported reduced left superior temporal gyrus volume and trend level reduced cortical gray matter in SPD (Dickey et al., 1999 (Dickey et al., , 2000 . Additionally, in another publication, the subject overlap was16/21 SPD and 12/22 comparison subjects, where we reported smaller left Heschl's gyrus volume in SPD (Dickey et al., 2000) .
MRI procedures
Images were acquired on a 1.5-T MRI system (GE Medical Systems, Milwaukee, WI) with the same acquisition and preprocessing procedures as previously described (Dickey et al., 1999) . Briefly, 1.5-mm-thick images were acquired in the coronal plane. Images were realigned to correct for head tilt and reformatted into thin 0.9375-mm slices with isotropic voxels on which the fusiform gyrus was manually drawn (Figs. 1 and 2). The anterior boundary was one slice posterior to the complete mammillary body, and the posterior extent was the juncture of the calcarine fissure and the parieto-occipital sulcus as seen on sagittal slices previously described (Lee et al., 2002) . The medial boundary was the collateral sulcus which separates the fusiform gyrus from the parahippocampus, and the lateral boundary was the sulcus separating the fusiform and inferior temporal gyri (McDonald et al., 2000) .
Statistical procedures
On clinical measures, a Students' t-test was performed to compare groups. To correct for effects of head size, a linear regression procedure was performed on the left and right fusiform volumes with intracranial contents (parenchyma and CSF) as the independent variable. Saved residuals were used in subsequent analyses. All corrected data were normally distributed as per the Shapiro-Wilk test. A repeated measures ANOVA was performed with the between subject factor of diagnosis and within subject factor of hemisphere. One-way ANOVA was performed on total intracranial contents, fusiform asymmetry (right−left), and total fusiform volume (right + left). For the[C0]SPD group only, Pearson correlations were performed between ROI volumes and the scaled degree of impairment due to SPD symptoms reported during the SCID II interview.
Results
Clinical measures
There was no difference between SPD and comparison subjects on age (mean SPD 37.1, NC 38.4; Students' t = −0.41, df = 38, p = 0.68), years of education (mean SPD 15.0, NC 15.4; Students' t = −1.001, df = 38, p = 0.32), premorbid IQ (Student's t = −1.28, df = 29, p = 0.15), and parental SES (mean SPD 3.4, NC 3.9; Students' t = −1.6, df = 37, p = 0.12), although there was a trend level difference in SES (mean SPD 3.35, NC 4.11; Students' t = −1.82, df = 37, p = 0.08).
Structural measures
There was no difference in whole brain volumes between the two groups (one-way ANOVA F = 0.45, df = 1, p = 0.51). Repeated measures ANOVA revealed no main effect for fusiform side (F = 0.016, df = 1, p = 0.9), nor diagnosis by side (F = 0.036, df = 1, p = 0.85) with an effect size of 0.001 (very small) ( Fig. 3) . Nor was there a difference between groups in fusiform asymmetry (one-way ANOVA F = 0.036, df = 1, p = 0.85) or total fusiform volume (one-way ANOVA F = 0.007, df = 1, p = 0.93). The interrater reliability for the manual drawing of the fusiform for six cases by three raters was high (intraclass correlation r = 0.9935 (right) and r = 0.9988 (left)).
Clinical structural correlations
A negative correlation was found between the volume of the right fusiform gyrus and degree of impairment by self-report from illusions (Pearson r = −0.48, N = 21, p < 0.03) and magical thinking (Pearson r = −0.55, N = 21, p = 0.01).
Discussion
The main news of this report is that, unlike what is seen in schizophrenia, there appears to be no difference in MRI fusiform gyrus volumes in SPD subjects compared with normal comparison subjects. The small effect size (0.001) suggests that simply increasing the subject number will not affect this result.
However, these findings are interesting as they demonstrate that only selective regions within the temporal lobe seem to be affected in SPD morphometrically (Dickey et al., 2002a) and functionally (Buchsbaum et al., 2002) , although more diffuse abnormalities are seen in schizophrenia Shenton et al., 2001; Siever et al., 2002) . For example, brain abnormalities in SPD have been demonstrated in the left superior temporal gyrus (Dickey et al., 1999; Downhill et al., 2001) , specifically Heschl's gyrus (Dickey et al., 2002b) , and whole temporal lobe (Downhill et al., 2001) , but not in medial temporal lobe structures specifically (Dickey et al., 1999) , whereas medial temporal lobe structures (Barta et al., 1990; Buchanan et al., 1993; Shenton et al., 1992) and fusiform gyrus (Lee et al., 2002) have been implicated in schizophrenia. It is conjecture, but perhaps more language-oriented areas of the temporal lobe (left superior temporal gyrus and Heschl's gyrus) are affected in SPD (Dickey et al., 2002b) , whereas areas more involved in emotional processing (amygdala: Whalen et al., 1998; and fusiform gyrus: Lang et al., 1998) are spared in SPD.
Whether other areas of visual processing, specifically striate and extrastriate cortex, are implicated in SPD remains unknown. Thalamic abnormalities have been reported in SPD (Hazlett et al., 1999) , but the lateral geniculate nucleus, which is involved in transmission of visual information, has not been separately examined.
Several limitations to this study may attenuate the findings. First, this study does not examine females with SPD. Both male and female schizophrenic subjects postmortem exhibit an abnormality of the fusi-form gyrus (McDonald et al., 2000) , and perhaps inclusion of female SPD subjects would have altered the results. Second, the recruitment strategy selected only for subjects who have not been treated pharmacologically for SPD, and this narrow subject group may effect the generalizability of the finding. Finally, this study examined volume only, and it may be that there are differences in the shape of the fusiform, as others have demonstrated differences in the shape of other brain regions in SPD (Downhill et al., 2000) .
There is a correlation between degree of impairment from magical thinking and illusions with smaller right fusiform gyrus volumes in SPD subjects. The relationship between magical ideation and the fusiform gyrus is not clear, in part as magical ideation specifically has been infrequently studied. Speculatively, however, magical ideation may engage visual imagery. Indeed, half of our subjects reported ''seeing'' images when asked questions from the SCID II designed to probe for magical ideation. Generating mental images does involve fusiform activation (D'Esposito et al., 1997) . The correlation between illusions and smaller fusiform volume is more clear as direct electrical stimulation of the fusiform gyrus in epilepsy patients produces complex visual illusions such as faces, animals, panoramas, images from memory, and metamorphopsia (Lee et al., 2000) , not unlike what is described by the SPD subjects in this study. Future functional imaging studies of fusiform activity may be important to more fully understand the role of this gyrus in schizophrenia spectrum disorders. Manual tracing of right (pink) and left (purple) fusiform gyrus on a coronal image of SPD subject.
Fig. 2.
Three-dimensional model of the fusiform in (1) superimposed on an axial slice. Scatterplot of SPD and comparison subjects' absolute right and left fusiform volumes in ml with mean volumes indicated (note that this figure demonstrates absolute volumes not corrected for intracranial contents, but statistics were performed on corrected and normally distributed data).
